Muscle loss in critically ill patients may be related to nutrition. We study the association between modified NUTrition RIsk in the Critically ill (mNUTRIC) score obtained at admission to intensive care unit (ICU) and subsequent muscle loss. We measured rectus femoris cross-sectional area (RFCSA) by ultrasound on days 1, 3, 7, and 10 of ICU admission. We used linear mixed effects model following natural logarithmic transformation of the data. Forty-eight patients (median (IQR) age 66 (55-72.5) years, 71% male, APACHE II score 31 (25-34), BMI 24.2 (21.5-27.1) kg/m 2 ) were analyzed. The high mNUTRIC score (>5) cohort (n = 35) lost significantly more muscle as compared to the low (≤5) group (n = 13); the adjusted ratio (high versus low group) of the geometric mean RFCSA were (0.58, 95% CI 0.46-0.75) for right and (0.61, 95% CI 0.49-0.77) for left, both p < 0.001. mNUTRIC score obtained at admission to ICU can identify patients at risk of subsequent muscle loss.
Introduction
Increased inflammation plays major roles in both muscle loss and nutritional deterioration of critically ill patients. Puthucheary et al. [1] have shown a direct relationship between inflammatory markers and muscle loss, and the components of both acute and chronic inflammation were included in generating the NUTrition RIsk in the Critically ill (NUTRIC) score [2] . Heightened inflammation in the early phase followed by persistent inflammation of critical illness lead to muscle protein breakdown, often aggravated by poor nutritional status. Muscle loss prolongs the duration of mechanical ventilation (MV) and post-intensive care unit (ICU) length of stay (LOS), leading to poor functional status and difficulties in rehabilitation [3] . There have been limited attempts for early identification of critically ill patients at risk of muscle loss. We hypothesized that the modified NUTRIC score (mNUTRIC) [4] obtained at admission to the ICU would identify patients at risk of greater muscle loss.
Method
In a prospective observational cohort study conducted between August 2014 and September 2016, we screened critically ill patients with age ≥21 years, expected duration of MV and LOS in hospital of at least 72 h and 10 days, respectively. We excluded patients with amputation, surgery, neurological, or rheumatological problems involving the lower limbs. Rectus femoris cross-sectional area (RFCSA) of both sides were measured by a single ultrasonographer using B-mode ultrasonography with linear transducer placed perpendicular to the long axis of the thigh on its superior aspect, two-third of the distance from the anterior superior iliac spine to the superior patellar border [5] on days 1, 3, 7, and 10 of ICU admission. Ultrasound measurements of lower limb muscle area have been validated against CT and MRI measurements [6] as well as histological and biochemical gold standard measures in critically ill patients with excellent inter-rater and intra-rater reliability [1] .
We collected demographics, ICU scores, MV, fluid balance, renal replacement treatment, investigations, calorie and protein adequacies, and outcomes from the computerized clinical information system (IntelliSpace Critical Care and Anesthesia, Philips Healthcare). mNUTRIC scores (0-9) consisting of five variables (age, Acute Physiology And Chronic Health Evaluation (APACHE) II, Sequential Organ Failure Assessment (SOFA), comorbidities, days from hospital to ICU admission) were recorded. The cohort was divided into low (≤5, n = 13) and high (>5, n = 35) groups.
Statistical analysis
Differences in demographic and clinical characteristics between the two groups were compared using the χ 2 and Wilcoxon rank sum test for categorical and continuous variables, respectively. As the RFCSA measures were skewed, natural logarithmic transformation was applied to normalize the data. The linear mixed effects model was used to identify the individual component of mNUTRIC score for predicting muscle loss (defined by changes in RFCSA over time) taking into account possible intrasubject correlation between repeated measures. The effect of each mNUTRIC component on muscle loss was quantified based on the ratio of geometric mean and its 95% confidence interval (CI). Separate adjustment for adequacy of protein and calorie intakes were also considered in the linear mixed models. Statistical evaluations were made using STATA v14 (StataCorp LP, College Station, TX, USA), assuming a two-sided test at the conventional 5% level of significance. The study was approved by the ethics board (National Healthcare Group DSRB reference no. 2014/00327) and all patients or their representative consented to the study.
Results
The characteristics of the 48 patients (median (IQR) age 66 (55-72.5) years, 71% male) are described in Table 1 according to mNUTRIC score. Patients with high mNU-TRIC group had significantly lower body mass index, higher Charlson comorbidity index, and stayed longer in the ICU and hospital. Table 2 shows that patients with high mNUTRIC score had significantly lost more muscle; the adjusted ratio (high versus low group) of the geometric mean of the right and left muscles were 0.58 (95% CI 0.46-0.75) and 0.61 (95% CI 0.49-0.77), respectively, both p < 0.001. The effect of mNUTRIC score and APACHE II remained significant even after adjusting for the adequacies of protein and calorie intake in the respective models (results not shown).
Discussion
High nutritional risk patients identified by mNUTRIC score on the day of admission lost significantly more muscle than those at low risk. Of the variables included in the mNU-TRIC score, APACHE II score was most significantly associated with muscle loss. mNUTRIC score has been used for the nutritional risk assessment of critically ill patients and in the prediction of short-and long-term mortality [4, 7] . Heyland et al. [2] found that energy adequacy was significantly associated with the 28-day mortality in high NUTRIC group. Significant association between mNUTRIC score and important morbidity such as muscle loss was demonstrated in the current study for the first time. Possible reason(s) for this association may include higher inflammation, longer period of immobilization, and nutritional factors, which were not investigated in this study. In contrast to our study, Overall, NUTRIC score is significantly associated with RFCSA (both left and right), and the association seems to be driven mainly by the APACHE score although comorbidity score also showed marginal association with right RFCSA. a Adjusted for the main effect of time
Nutritional risk assessment and muscle loss in ICUPuthucheary et al. [1] found that higher organ failure as assessed by SOFA score calculated at least 3 days after admission was associated with muscle loss. Due to the observational nature of our study, protein adequacy was higher in patients with high mNUTRIC score. The association between muscle loss and protein intake in critically ill patient is unclear. Studies suggesting protein supplementation to be associated with greater muscle loss are limited by methodological problems [1, 8] . However, a randomized trial had shown that early protein supplementation by parenteral nutrition decreased muscle wasting by subjective assessment [9] . mNUTRIC score calculated on ICU admission identifies high-risk group who will benefit from adequate nutritional supplementation. LOS in the ICU and hospital were longer in the high score group who were deficient in energy supplementation [2, 7] speculating that greater muscle loss and functional deterioration in these vulnerable patients as possible contributors. Wei et al. [10] had shown that patients with improved nutritional adequacy in ICU had better physical functioning at 3 months. It is conceivable that preserved muscle mass with higher nutritional adequacy may lead to improved physical wellbeing.
Conclusion
Poor nutritional status described by mNUTRIC score at admission to the ICU can identify patients at risk of greater muscle loss subsequently. Early identification of patients at risk of higher muscle loss will be useful for future intervention.
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